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The pre-1900 condition along the Lower Illinois River
by Quiver Lake in the summer.
Source: Kofoid, 1903, Plate 15.
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1UPDATE
November 15, 2000
P. xi, lines 1-5, change to:
“...Illinois River in 1894-1899 was reported to be 3.68 mg N/l and additional large
amounts of nitrogen not measured were stored in the then-luxuriant growth of aquatic (and other)
vegetation and transported in copious, albeit, unmeasured amounts of organic debris. In view of
the many uncertain adjustments that have to be made in comparing these historical data with
recent data, we can not conclude that the Lower Illinois River was any more N rich in the 1990s
than it was in the 1890s.”
P.9, line 15, add:
“Travelling further up the Illinois river, Schoolcraft described the water of Lake Peoria as
‘beautifully clear’, the Vermilion River as ‘a fine clear stream’, the Au Sables River as ‘pellucid’,
and he mentions ‘small streams of clear water’ in depicting the prairie environment. However, we
discuss later (page 71) the difficulties in trying to interpret 19th century descriptions of clear
water, which in the context of secchi depths was subjectively different from what people living in
the 20th century would call clear water.” 
P. 29, line 1, add:
“In summary, microbiologists are acquiring a new and more life-like view of the
underground. The geosphere provides waters of the deep subsurface with ingredients necessary to
support life, including fixed forms of nitrogen (Chalk and Keeney, 1971; Stevenson, 1972; Power
et al., 1974; Reeder and Berg, 1977; Strathouse et al., 1980; Heaton et al., 1983; Hendrey et al.,
1984; Spitzy, 1988; Ranganathan, 1993; Simpkins and Parkin, 1993; Parkin and Simpkins, 1995). 
“In Illinois — a Corn Belt state whose ground waters are reported to suffer from NO3-N
contamination — the average concentration of NH4-N in ground water is greater than NO3-N.
Unlike NO3-N, concentration of NH4-N increases with depth and is correlated with the products
of mineral weathering (Warner, 2000). Researchers in the United States and Canada have
conclusively shown that uncontaminated ground waters convert reduced geologic NH4-N to
oxidized NO3-N. In such cases values of  NO3-N range from 0.2 to 2,000 mg NO3-N/l (Chalk and
Keeney, 1971; Power et al., 1974; Reeder and Berg, 1977; Strathouse et al., 1980; Hendrey et al.,
1984). Illinois State Water Survey data (Holm, 1995) suggest that it is possible that oxidation of
geologic nitrogen may be responsible for pockets of >10 mg NO3-N/l in the relatively deep
ground waters of the Mahomet aquifer of Illinois. 
“Sources of N in the geosphere must be taken into account when conducting N mass-
balance studies.” 
P. 30, line 1, add: 
“But this is not supported by the historic record. During the 1940s in Illinois nearly 6,000
2well samples from private water supplies of all types from all sections of the state showed that 20
percent had >10 mg NO3 N/l. In counties in central Illinois more than 40 percent had >10 mg NO3
N/l and more than 20 percent had > 100 mg NO3
 N/l (Weart, 1948). These water supplies were
reported to show no correlation with animal and/or human wastes. In 1970 Illinois State Water
Survey scientists acknowledged the earlier high nitrate ground water values and added, ‘the
records show this happened long before commercial, nitrogen fertilizer usage became significant’
(Harmeson and Larson, 1970). The standing-nitrogen-cycle paradigm cannot explain such
phenomena. 
“Similarly, in the Canadian Prairie Provinces >10 mg NO3-N/l were found in up to 25% of
wells tested and frequencies today are generally no higher than levels measured earlier back to the
1940s (Harker et al., 1997), e.g.
“‘The same degree of contamination was reported in the 1940s, so nitrate levels may not
be increasing under current agricultural practice’ (Fairchild et al., 2000). 
“Survey of well water around agriculture in Central Canada (Ontario) found that:
“‘The share of wells with nitrate levels more than 10 milligrams per litre recorded in 1991-
1992 did not differ significantly from that reported in 1950-1954. Surveys carried out between
these dates indicated that about 5 to 20% of drinking water wells had levels greater than the
Canadian drinking water guideline. These results suggest that agricultural activity over the past 50
years has not significantly changed the amount of nitrate added to groundwater’ (Fairchild et al.,
2000). 
“In summary the widespread and intensive use of chemical-N fertilizers in the latter half of
the 20th century appears not to have increased ground-water nitrate concentrations for much of
the Canadian breadbasket.” 
P. 46, line 3, add:
“A review of the literature reported, ‘In waterlogged soils amended with 1 % straw, or
less, nitrogen fixation rates up to 150 kg ha-1 a-1 were achieved; with 5 to 20 % straw and
waterlogged conditions 500 to 1000  kg ha-1 a-1 were fixed. The responsible organism was
Clostridium butyricum and Meiklejohn (1967) also found that the number of clostridia increased
considerably when approximately 678 to 1356 kg/ha of compost was added to the soil’ (Stewart,
1969). 
“That addition of readily-available carbohydrates to terrestrial soils also greatly increases
the numbers of N-fixing bacteria, as well as other N-cycle bacteria, has been long known, as can
be seen in reviews from the early 20th century (e.g., Wakesman, 1924; Pieters, 1927). Some of the
N fixed will be lost to the hydrosphere and atmosphere and, therefore, amounts of N retained in
aquatic and wetland sediments will be less than the amounts fixed in them.”
P. 50, line 50, add: 
3“The flush of such fertilizing elements into the aquatic environment also stimulate the
growth of vascular aquatic vegetation in whose root zones and on whose aquatic surfaces
nitrogen-fixing bacteria and algae flourish (Holm et al., 1969; Stewart, 1969; Allen, 1971;
Yoshida and Ancajas, 1971; Goering and Parker, 1972; Patriquin and Knowles, 1972; Head and
Carpenter, 1975; Hough and Wetzel, 1975; Jones et al., 1979; Blotnick et al., 1980; Baker and
Orr, 1986; DeLaune et al., 1986).” 
P. 53, line 30, change to:
 “...oxides of N that are lost to the atmosphere. This is shown by the review of
Woodmansee and Wallach (1981) who generalize the world literature into their figure 5, which
shows the enhanced gaseous-N volatilization losses that fire induces through nitrification and
denitrification.” 
P. 53, line 48, add:
“The experiments and review of the world’s literature by Anderson et al. (1988), which
support the earlier review of Woodmansee and Wallach (1981), is, in turn, supported by the later
review of Levine et al. (1996), who continue to report that ‘burning also enhances the biogenic
emissions of NO and N2O (Anderson et al., 1988; Levine et al., 1988; Johansson, Rodhe, and
Sanhueza, 1988; Levine et al., 1990).’” 
P. 58, line 30, add: 
“Boughey et al. (1964) found that the almost universal burning of African grasslands prior
to planting of crops appears to have the benefit of destroying plant allelopathic toxins that
suppress nitrifying soil bacteria.” 
P. 62, line 4, add: 
“Additional N was probably also mobilized by urine, because urea, like NH4-N, dissolves
organic matter from soils (Kelly, 1981). Whereas organic-N was not measured in the cow urine-
leaching experiments of Stout et al. (1997), Managhan and Barraclough (1993) did measure
organic-C mobilized from soil in their cow urine experiments. Cow urine initially mobilized about
1,000 mg soil C/l above reference soil-water C concentration, decreasing to 300 mg C/l above
reference concentration after 3 days and about 50 mg C/l above reference concentration after 13
days. Assuming a C:N ration of 10, the amounts of soil organic N solubilized by urine can be
estimated.” 
P.72 , line 32, add: 
“Palmer (1903) reports that ‘The presence of chlorine in water in amounts exceeding the
normal quantity generally indicates that the water has been polluted by animal matters...’ For
example, Palmer reports the average concentration of chlorine at Averyville, north of Peoria, to
be 30.2 mg/l in 1897-1899. At Grafton, Palmer reports the average concentration of chlorine in
the Illinois River in 1899-1902 to be 12.6 mg/l. For the same years, Palmer reports the average
4concentration of chlorine in the Mississippi River at Grafton to be 2.92 mg/l. With an average
concentration of TN of 1.59 mg N/l, the Mississippi River could also be classified as eutrophic
according to the trophic criteria suggested by USEPA (USEPA, 2000b), even though it had a low
chlorine concentration. In comparison, Palmer reports the average concentration of TN in Lake
Michigan in 1899-1900 to be about 0.4 mg N/l, which according to the trophic criteria suggested
by USEPA (USEPA, 2000a) would represent oligotrophic conditions. The average concentration
of chlorine in Lake Michigan was reported to be about 3.2 mg/l, about the same as in the
Mississippi River and only slightly less than in the Spoon River.
“Palmer also reports an average concentration of TN in the Kankakee River at Wilmington
(1896-1900) of 2.86 mg N/l. Average chlorine concentration was reported to be 2.88 mg/l. He
reports that ‘The organic matters contained in the waters of this stream are almost entirely of
vegetable origin, for no considerable amount of sewage is discharged into it, that of Kankakee
(population 13,995) about 35 miles from the mouth and 25 miles above the point of collection,
being the most important.’  Palmer reports that ‘there is a considerable diminution in the
proportions of nitrates during the warm summer months, this diminution doubtless being in part
the result of growth of vegetation in the flowing waters of the stream, in part the result of
assimilation of nitrates by the vegetation of the headwaters in the Kankakee marshes, which
during this portion of the year constitute the chief source of supply.’  ‘The higher nitrates during
the high water season are in part due also to the leaching of nitrates from the soil by the run-off
and the discharges from the tile drains, which occur chiefly during the seasons of lower
temperature and greater precipitation.’  Again, this is evidence of hypertrophic conditions well
before the use of artificial nitrogen fertilizer.” 
P. 73, delete lines 27-33: “About 0.42 mg/l...of 4.82 mg N/l.”
P. 75, delete lines 5-20:
P.89, line 31 add:
 “The nitrogen loads at Kampsville shown in Figure 20 are unadjusted for the weir. 
Palmer (1903, Appendix) reports that the quantities of organic-N in the river at Kampsville ‘...
were in the high water season not less than six and possibly as much as twelve times as great as
the quantities contained in the water of the Des Plaines at Joliet, which comprises that of the
Upper Des Plaines, the Chicago Main Drainage Canal or Sanitary Canal, and the Illinois and
Michigan Canal.’ This range reflects the uncertainty in calculating nitrogen loads at Kampsville
due to the influence of the weir on flow. Palmer recognizes that some organic-N was transformed
into inorganic-N and that the river purified itself to some extent. He also reported that ‘The
enormous quantities of nitrates found in the water at Averyville and Kampsville during March and
April, the freshet season, are in the main derived from the leaching of surface soils by the run off
and the discharges of tile drains.’  The great diminution in the concentration of chlorine at
Averyville and Kampsville in spring is further evidence of the non-animal and non-point sources of
the spring freshet waters. 
“Goolsby et al. (1999) report that rates of nitrogen mineralization in soils can be greater
than 40,000 kg N/km2/yr in virgin cultivated land. They also report that this mineralization rate in
5virgin cultivated soils is 3-5 times higher than the mineralization rate measured beneath Illinois
soybean and corn crops in recent years (David et al., 1997). However, Goolsby et al. do not relate
the high mineralization rate in virgin cultivated soils to leaching and run-off in Illinois in the 19th
century.” 
P. 105, line 44, add: 
“Conversely, relying on the soil’s natural humus-bearing store of nitrogen, farmers lose
control over the leaching of NO3-N. This is now becoming recognized as a possible down-side of
organic farming. It is now recommended not to build up soil organic matter to the degree that it
can meet corn’s peak season nitrogen demand, because this much soil organic matter presents a
NO3-N leaching problem during the dormant season (e.g., Pang and Letey, 2000).” 
P. 108, line 10, add: 
“Overall, ‘Approximately 23% of the state was wetland prior to European
settlement....there are only an estimated 870,000 acres of the original 8.2 million acres of natural
wetlands remaining within the state’ (Illinois Department of Natural Resources, 2000).”
P. 117, line 8, add: 
“Overall, the effect of draining and leveeing has reduced Illinois wetlands and its lush, N-
rich vegetation from an estimated 8.2 million acres to 870,000 acres (Illinois Department of
Natural Resources, 2000). The Wetlands Initiative (Wetland Matters, 1999) cites the loss of the
critical nitrogen-removing capacity of wetlands as an important cause of the historical increase in
nitrate concentration in the Illinois River from <1.5 mg N/l at the end of the 19th century to
average concentrations >5.0 mg N/l in recent years. Kofoid (1903) reports that in the 1890s
Thompson’s Lake was supplied with water mainly from the Illinois River, but had an average
concentration of total nitrogen about 1.5 mg N/l less than the Illinois River. This could be an
indication of assimilation, denitrification, and burial of N in this backwater lake. The Wetlands
Initiative reports that restoring only 407,000 acres of wetlands in Illinois (about 5% of the 1780
wetlands), primarily on flood prone bottomland throughout the watershed, would remove
101,000 tons (80%) of today's nitrate load from the Illinois River.”
“Assuming that all 2 million acres of wetland drained in the entire MRB in 1900 were
drained exclusively in Illinois, this would leave 6.2 million acres of wetland to take up and
transform soluble N from the drainage of the remaining 28.8 million acres of land in Illinois. Given
that the concentration of TN in the lower Illinois River was about 24 percent less in the 1890ss
than the 1990s, and assuming this 24 percent difference holds for flux of TN in Illinois’ surface
waters — now estimated at about 0.5 billion lbs/yr (David and Gentry, 2000a, b) — then these
wetlands would have to be transforming only 4.1 lb N/acre/yr (4.6 Kg N/ha/yr) from the non-
wetland areas to account for the difference between amounts of N in solution in the 1890s versus
the 1990s. Put another way, the 6.2 million acres of wetlands would needed to have transformed
only 19.1 lb N per acre (21.4 kg N/ha/yr) of wetland to produce a lush 6.2 million acre crop of N-
rich aquatic and wetland vegetation every year to account for the difference in total N in solution
between 1890s and 1990s surface water.” 
6P.121, line 43 add :
“David et al. (1997) is reported to be one of only a few detailed studies ‘to have linked
field N budgets, NO3
- loss in tile drained watersheds and surface water NO3
- loads’ (David et al.,
1997)   The study characterizes the tile-drained portions of east-central Illinois and the Upper
Embarras watershed as homogeneous. From this David et al. apply field nitrogen budgets and
averaged NO3
- losses in two tile-drained watersheds draining into the Embarras River to
determine, among other things, how much of the Embarras NO3
- came from these heavily
fertilized fields. The data show that the nitrate yield from the watershed that received almost 50%
more fertilizer than the other watershed  had a nitrate yield about 25 % less. David et al. also
report that ‘Even if fertilization were reduced or eliminated, the overall disturbance from
agricultural production in the Embarras River watershed would still lead to high NO3
-
concentrations and export, depending on the timing of precipitation events.’
“Porter (2000), in a study of algal and macroinvertebrate responses to nonpoint source
pollution relative to natural factors in the Corn Belt in 1997, concludes that ‘Nutrient
concentrations and the abundance of algae during low-flow conditions were not related directly to
rates of fertilizer application or the number of livestock in Midwestern stream basins; however,
rates of stream metabolism (Pmax and Rmax) increased significantly with indicators of agricultural
intensity.’  Porter finds that algal-nutrient relations were more of a function of landscape
characteristics, hydrology, and rainfall-runoff characteristics than agricultural land use, which is
relatively homogeneous throughout the region. Porter recommends that ‘Improved understanding
of natural factors and algal-nutrient relations that contribute to chemical and biological indicators
of eutrophication in lotic systems could enhance the development of water quality criteria within
and among ecoregions in the U.S. (e.g., Level III; Omernik 1986).’ ”
P.127, lines 34-37, delete:
 “Concentration of measured TN.....before declining.” Replace with:
“The concentration of TN at Havana was reported to be 3.68 mg N/l in the 1890s (Table
11), a period of drought. Although there are few measurements of TN in the Lower Illinois River
in more recent years, the concentration of TN can be estimated. The concentration of TN in
Peoria Lake in March-October 1967 is reported by Evans and Wang (1970) to be 8.85 mg N/l:
nitrate-N was 4.33, ammonia-N 1.15, and organic-N was 3.37 mg N/l. The concentrations of
ammonia-N at Havana and Meredosia in 1967-1971 were 1.39 and 1.0 mg N/l respectively (Healy
and Toler, 1978). [Note the ammonia-N value reported by Harmeson et al. (1973) for Meredosia
using a different method of chemical analysis was 0.57 mg N/l.] These values decrease to 0.49 and
0.28 mg N/l in 1972-1974 (Healy and Toler, 1978).  The concentration of TN at Valley City in
1975-1982, according to data in STORET, was 5.50 mg N/l: ammonia-N 0.41, organic-N 1.21,
and NO2+NO3-N 3.98 mg N/l. The concentration of TN at La Grange in 1993-1998 using grab
samples was 4.82 mg N/l: ammonia-N 0.16, organic-N 0.89, and NO2-N+NO3-N 3.77 mg N/l
(USGS, La Crosse, WI, 1999).
“Using these data and the measured 1967-1971 NO3-N concentration of 6.2 mg N/l at
Meredosia (Harmeson et al., 1973), we estimate the concentration of TN at Meredosia in 1967-
71971 to have been about 9.5 mg N/l: ammonia-N 1.0, organic-N 2.2, and NO2+NO3-N 6.3 mg
N/l.
“Valley City (river mile 60) is downstream from Havana (river mile 120) and Meredosia
(river mile 71). As N concentration can decreases downstream, possible adjustments need to be
made when comparing Havana and Valley City data. Average concentration of TN at Havana in
1897-1899 was 3.3 mg N/l and at Kampsville (river mile 32) 2.6 mg N/l (Palmer, 1903). Given
these limited data, it is not possible to provide a precise adjustment for TN concentrations.
Perhaps an upward adjustment of the Valley City TN data of ~0.4 mg N/l is reasonable when
comparing them with Havana data.
“However, there seems to be little difference in NO3-N concentrations along the lower
Illinois River. In 1897-1900 the concentration of NO3-N at Havana was 1.20 mg N/l and at
Kampsville 1.17 mg N/l. Average concentration of NO3-N at Meredosia in 1975-1976 was 4.3 mg
N/l and at Valley City 4.2 mg N/l (STORET). In 1990-998 the average concentration of NO3-N at
Havana was 4.36 mg N/l and at Valley City 4.40 mg N/l.
“Returning to the difference in climatic conditions between the 1890s and the 1990s, we
must adjust the Havana data in order to compare them with the recent Valley City and La Grange
data. Average annual state-wide precipitation in 1894-1899 was 35.5 in and in 1993-1998 it was
41.4 in (personal communication, Jim Angel, ISWS, September 22, 2000). There were also
differences in the seasonal distribution of precipitation: in 1894-1899 average April-June
precipitation was 10.6 in, and in 1993-1998 it was 15.1 in. In recent decades, higher rainfall
generally has been associated with higher concentrations of TN in the MRB (Goolsby et al.,
1999). However, we do not have an extensive data base to determine the relationships between
climatic and landscape conditions in the 19th century and precipitation-runoff-TN concentrations.
“In 1921-1922, the concentration of TN near Pearl (river mile 43) was reported to be 2.85
mg N/l (Hoskins et al., 1927), although the representativeness of the 13-month sample is
unknown. Hoskins concludes that ‘.. in 1921 the total volume of pollution contributed by Chicago
to the Illinois River was about two and three-fourths times as great as the amount added just prior
to the opening of the main drainage canal, and that since the opening of the canal in 1900 this
pollution has just about doubled in total volume. However, the amounts of diluting water
withdrawn from Lake Michigan have been gradually increased during this interval, so that the net
effect has been to actually reduce rather than to increase the total nitrogen and oxygen consumed
content as measured in terms of concentration.’
 “The concentrations of TN in the Kankakee and Spoon Rivers in 1921-1922 were
reported by Hoskins et al. to be 3.30 and 3.54 mg-N-l respectively. These values are higher than
the values of 2.86 mg N/l reported by Palmer (1903) for the Kankakee and 2.59 mg N/l reported
by Kofoid (1903) for the Spoon in 1896-1900.  
“The Hoskins et al. data also show a very marked seasonal cycle in the concentration of
both TN and NO2+NO3-N in the major tributaries to the Illinois River. The concentrations of TN
in the Kankakee, Des Plaines, Fox, Vermilion, Mackinaw, and Spoon Rivers in 1921-1922 peaked
in December and the monthly average in these tributaries was 6.7 mg N/l. The concentration of
8TN in all these rivers was lowest in summer (June-August) and averaged 1.54 mg N/l in the
lowest months. The concentration of NO2+NO3-N in these rivers peaked in December and
averaged 5.14 mg N/l. The concentration of NO2+NO3-N in all these rivers was lowest in August
and averaged 0.05 mg N/l. The amplitude of the seasonal cycle of NO2+NO3-N in these tributaries
in 1921-1922 was thus considerably greater than the average amplitude for NO2+NO3-N in all
Illinois rivers in 1996, as shown in Figure 15.
“Hoskins et al. data also show a pronounced seasonal variation of TN and NO3+NO2-N
concentrations in the Lower Illinois River. At river mile 26, the monthly concentration of TN
peaked at 5.3 mg N/l in January and reached a monthly minimum of 1.23 mg N/l in June. The
monthly concentration of NO2+NO3-N peaked at 3.20 mg N/l in December and reached a monthly
minimum of 0.70 mg N/l in June.
“The average monthly concentration of TN in the above six tributaries for the 12 months
August 1921-July 1922 was 3.6 mg N/l, which was about 23 % higher than the concentration in
the Illinois River at river mile 26.
“Yet other adjustments must be made when comparing TN concentrations in the 1890s
and 1990s. Extensive areas of wetlands and aquatic vegetation that existed in the Illinois River
Basin in the 1890s no longer exist. As wetlands and aquatic vegetation generally reduce the
measured concentration of TN in rivers, the concentration of TN at Havana in the1890s needs to
be adjusted upwards when comparing it with the measured concentrations in the Lower Illinois
River in the 1990s. Goolsby et al., 1999 (p.70), for example, report that ‘Nitrogen transported in
particles larger than about 2 millimeters escape collection in water samples and thus is not
measured and is not included in the yield estimates.’
“Further complicating the comparison of historical N data over time are the different
sampling protocols and analytical techniques that have been used, the construction of levees, and
other factors. 
“The reported concentration of TN at Havana in 1894-1899 was 3.7 mg N/l and at La
Grange in 1993-1998 it was 4.8 mg N/l. In view of the uncertain adjustments that have to be
made in comparing these historical data with recent data, we can not conclude that the Lower
Illinois River was any more N rich in the 1990s than it was in the 1890s.
P. 131, replace Figure 30 with the revised Figure 30 (page 9 of Update)..
P. 133, lines 29-30, delete “- flow and methods ..... 5.5 mg N/l” and add:
 “In view of the many uncertain adjustments that have to be made in comparing these
historical data with recent data, we can not conclude that the Lower Illinois River was any more
N rich in the 1990s than it was in the 1890s.” 
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Figure 30. Concentration of nitrogen in the Lower Illinois River, 1894-1998.
TN (ammonia-N+organic-N+NO2-N+NO3-N) is shown with solid lines.
NO2-N+NO3-N is shown with dashed lines.
a) Havana, 1894-1899 (Kofoid, 1903 and Palmer, 1903).
b) Havana, 1900 and Kampsville, 1900-1902 (Palmer, 1903).
c) River mile 43, 1921-1922 (Hoskins et al., 1927).
d) Meredosia, 1955-1971 (Harmeson and Larson, 1969; Harmeson and Larson,
1970; Harmeson et al., 1973), 1971-1976 (STORET); Valley City 1975-1998
(STORET) - 5-year moving averages 1957-1996.
e) Meredosia 1967-1971 NO3-N concentration of 6.2 mg N/l at Meredosia
(Harmeson et al., 1973), plus 1.0 mg/l ammonia-N (Healy and Toler, 1978), plus
estimates of 0.1 mg/l NO2-N, and 2.2 mg N/l organic-N (see text).
f) Valley City, 1975-1982 (STORET).
g) La Grange, 1993-1998 (USGS, LTRMP, La Crosse, WI, 1999).
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Relative nitrogen richness of the Illinois landscape before and after European settlement.
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2Figure 1. Nutrient ecoregions for which numeric reference/background
water-quality criteria and standards are to be established.
Source: Posted on www.epa.gov/OST/standards/ecomap.html,
 revised April 13, 1999.
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Two Great Landscape Elements
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Table 1. Annual World Consumption of Nitrogen Fertilizer, Millions of Metric Tons
YEAR N YEAR N
1959/60 9.54 1979/80 57.22
1960/61 10.48 1980/81 60.78
1961/62 11.59 1981/82 60.45
1962/63 13.14 1982/83 61.19
1963/64 14.76 1983/84 67.66
1964/65 16.47 1984/85 70.65
1965/66 19.10 1985/86 69.83
1966/67 22.18 1986/87 71.49
1967/68 24.21 1987/88 75.60
1968/69 26.25 1988/89 79.61
1969/70 28.47 1989/90 79.19
1970/71 31.76 1990/91 77.24
1971/72 33.53 1991/92 75.46
1972/73 36.14 1992/93 73.63
1973/74 39.20 1994 72.25
1974/75 38.43 1995 77.99
1975/76 44.42 1996 83.02
1976/77 45.26 1997 81.18
1977/78 49.12
1978/79 54.25
 
Sources: 1960-1993 data (G. Harris, personal communication, January 24, 1995); 1994-1997
data (S. Simpson, personal communication, December 20, 1999).
13
Table 2. Annual Consumption of Nitrogen Fertilizer in the United States ending June 30,
Thousands of Metric Tons
YEAR N YEAR N
   1960 2,483.4   1980 10,345.8
   1961 2,748.9   1981 10,814.9
   1962 3,056.6   1982   9,961.7
   1963 3,563.7   1983   8,278.2
   1964 3,948.0   1984 10,060.6
   1965 4,207.1   1985 10,423.8
   1966 4,831.0   1986   9,454.9
   1967 5,466.6   1987   9,260.0
   1968 6,156.4   1988   9,534.0
   1969 6,310.5   1989   9,607.5
   1970 6,765.3   1990 10,045.9
   1971 7,377.2   1991 10,237.2
   1972 7,276.2   1992 10,381.9
   1973 7,523.7   1993 10,332.0
   1974 8,305.6   1994 11,467.0
   1975 7,800.9   1995 10,628.7
   1976 9,443.3   1996 11,159.2
   1977 9,657.2   1997 11,203.4
   1978 9,037.9   1998 11,160.5
   1979 9,718.2
                                           
Source: Data adapted from Table 1 (Anonymous, 1998).
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Table 3. Annual Consumption of Nitrogen Fertilizer in Illinois, Thousands of Metric Tons
YEAR N YEAR N
1970 521.0 1985 920.2
1971 588.3 1986 857.5
1972 511.3 1987 762.8
1973 491.7 1988 851.2
1974 653.0 1989 863.7
1975 735.3 1990 813.7
1976 844.0 1991 912.7
1977 881.1 1992 863.0
1978 706.5 1993 785.1
1979 821.7 1994 931.1
1980 936.8 1995 802.2
1981 901.9 1996 890.0
1982 930.9
1983 703.4
1984 946.5
 
                                          
Source: Data adapted from Hoeft (1998).
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Table 4. Estimated World Anthropogenic Nitrogen Emission to the Atmosphere from 1860
to 1990, Millions of Metric Tons
YEAR N YEAR N
1860 0.4 1930 4.9
1870 0.7 1940 5.7
1880 0.9 1950 6.8
1890 1.3 1960 11.8
1900 2.2 1970 17.6
1910 3.3 1980 22.1
1920 4.2 1990 23.9
                                        
Sources: Estimated 1860 to 1980 world N emission data (Dignon and Hameed, 1989).
Estimated 1990 world N emission data (United Nations Environment Programme, 1993) with
missing data for South America, Africa and Oceania filled in with most recent data from Dignon
and Hameed (1989).
16
=	
8
/2
?


"	+
 
	

5


	G46""
	+
	



	

	"
	


""
	 
	 

	"


	 
0

	
@

'G46
,
	&
	
)+""/2

""	!

8,

 0 !8
/



 

 "

!


)DA.F
1
	)'.7G46B.
K	

	E.J%G46AG469"	"
	

++	 	
+2

 "
7G46B.)AG46G46G46G46
/9""	
 


 2
8"   
"62
	 

"

"
"
	2""		


1
 D2 



6  

7G46B.)A0)
G46
+

2 


#
	G46G46@AD
		!

	G46G46-EE.)+

AC.>
	1%
A.-
	2:" 2

	

		!

 '
 
'6D
2
"-
CG464
			

""6BD22!2


2
")+

CG46)?+
2!
"	
"%+

	
	9%D""G46:!ACC!C:A.-CG46
	" +1 "

98
 "2+


	DD

$G46		


 "!2
	D 
D6D
2$>+
	

.E.J
	
A.)	
	
	)+

AE

"

2	 
	E 
E6D

2$3AE.-:G46
"	
"
PDD

2$
	
"!

	 
D 

2$
 "!28"
 
"

G46
	6	
	"+2!"	
")9=*A3"
 2
	))+


	)	
	AE
	

"+6"%	"

	"
 2

 

	"
?"
 2
	


 "
		"6
2G46G46-C
	:G46)

 	



	%
	
	



"	
2=!282=!2 
 "
2%
" 
17
Figure 2. The global distribution and quantities of nitrogen
in reservoirs within the general circulation.
Source: From Figure 3.8 of Furley and Newey
(1983) based on data of Delwiche (1970).
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Figure 3. The global soil nitrogen cycle.
Source: From Figure 5 of Rosswall (1976). Data in millions of metric tons.
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Figure 4. Yield and nitrogen content of bromegrass in relation
to quantity of chemical nitrogen fertilizer applied.
Source: Figure 2 of Munson and Nelson (1973).
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Figure 5. Generalized relationships between nitrogen supply,
 crop yield, and nitrogen concentration of crop.
Source: Adapted from Figure 1
of Munson and Nelson (1973).
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Table 5. Average NO3-N in 6-Meter Soil Profiles and Water at the Surface of Water Tables
in Colorado
Land type Number of 
soil profiles
NO3-N
in 6 m
(kg/ha)
Number of
water tables 
       NO3-N        
Mean        Range
(mg/l)
Virgin Prairie 17 101 8   11.5          0.1-19
Dryland 21 292 4     7.4            5-9.5
           
Source: Data adapted from Table 11 (Viets and Hageman, 1971).
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Table 6. Illinois 1890s-1930s Public Ground-Water Supplies Whose NO3 Values Equaled or
Exceeded Today’s Health Standard
Station NO3
(mg/l)
Water supply type and depth 
                (ft)
Anna 74.4 Well    650 
Bradley 70.7 Wells  337 and 340
Chandlerville 55.3 Well     32
East Dundee 131.1 Springs
Erie 62.0 Well    567
Eureka 44.7 Well     27
Geneva 44.3 Spring
Germantown 44.3 Well     16 
Greenville 91.9 Wells    45 and 50
Keithsburg 88.6 ?
Lacon 83.3 Wells    60
Mount Morris 70.7 Well     725
New Holland 88.6 Well      70
New Holland 79.5 Well      74
Petersburg 62.0 Well      60
Plainfield 61.9 Well     104
Roseville 50.9 Well      19
San Jose 53.1 Wells   >85
Shannon 53.1 Wells    200
Silvis 79.7 Well      28
Peoria
W.T. Grant Co. 174.0 Well      84
Peoria County
Midland Brewery 62.0 Well      76
Peoria Packing Co. 53.2 Well      52
Peoria Service Co. 53.2 Well      94
Stuber & Kuck Co. 53.2 Well      65
Tazewell County
Moran Markets 49.6 Well      72
Soldwedel Creamery 47.9 Well     103
Note: Today’s public health standard for NO3 in drinking water is 44.3 mg NO3/l
(10 mg NO3-N/l).
Sources: Data from Habermeyer (1925) and Buswell (1938, 1940).
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a. Approach to entrance of
Blue Mounds State Park.
b. Picnic clearing at top
of Blue Mounds.
c. View midway up
observation tower.
Figure 6. Blue Mounds State Park, Wisconsin
 (photos by Edward C. Krug, May 29, 1998).
36
 e. View from top of observation tower.
Figure 6. Concluded.
 d. View from top of observation tower.
37
Figure 7. Ecological regions of North America.
Source: Posted on www.epa.gov/ceisweb1/...tors/
ecoregions_of_the_united_ states.html. Use this EPA site’s
“Ecological Regions of North America” link to the Commission
for Environmental Cooperation (www.cec.org/ecomaps/anglais/index.html)
for a larger map and description of the eastern temperate forest ecoregion.
Data accessed August 9, 1999.
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Figure 8. Soil nitrogen humidity relationship for prairie and forest soils
of the central and eastern United States along the annual 11oC isotherm.
Source: Adapted from Figure 56 of Jenny (1941).
Table 7.  Typical C:N Ratios of Some Organic Materials
Material      C:N
Microbial biomass   6-12
Sewage sludge   5-14
Soil humus 10-12
Animal manures 13-25
Legume residues 13-25
Cereal residues and straw  60-80
Forest wastes    150-500
Source: Modified from Table 5.3 of Stevenson (1986).
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Table 8.  Quantity of Nitrogen Found in the Top 40 Inches of Some Virgin,
Common North Central States’ Soil Types
Soil type Kg N/ha
Black clay loams 16,490
Brown silt loams 13,370
  Brown sandy loams 10,270
Yellow silt loams   5,980
Sands  6,090
Source: Modified from Table 3 (Schreiner and Brown,1938).
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Table 9.  Measurements of Asymbiotic Nitrogen Fixation Using 15N
or C2H2 Methodology
Methodology Experimental Conditions N fixed
(µg/g soil/28 days)
     
15N Soil aliquots given laboratory incubation
(a) At field capacity, plus 1 percent straw 19
(b) At field capacity, plus 5 percent straw 150
(c) Waterlogged, plus 1 percent straw 67
(d) Waterlogged, plus 5 percent straw 240
    C2H2 Jordan Fertility Plots (Pennsylvania, U.S.A.)
(a) No fertilizer added, 0-15 cm depth 33.9
(b) 27 kg/ha of N added, plus P and K 22.4
(c) 81 kg/ha of N added, plus P and K 11.8
Source: Modified from Table 1 of Clark and Paul (1970). Methodologies based on measurement
of the fixation of 15N isotope altered N2 gas or the reduction of acetylene (C2H2) to ethylene
(C2H4).  
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Figure 9. Comparison of the pH of forest and prairie
soils of Illinois under identical soil-forming factors.
Source: Adapted from Figure 110 of Jenny (1941).
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Figure 10. The effect of liming on nitrification in pH 5.5
Kibly Silt Loam: a)  unlimed and b)  limed.
Source: Adapted from Figure 3 of Morrill and Dawson (1967).
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Soil Erosion: Some Effects on the Nitrogen Cycle
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Table 10.  Population and Estimated Acres of Improved or Cultivated Land
 by State in the Mississippi River Basin, 1800 to 1850
State
1800
Pop   Land
1810
Pop Land
1820
Pop   Land
1830
Pop   Land
1840
Pop   Land
1850
Pop    Land
PA 201       749  270    1,008    350    1,306   416     1,553    574    2,124    771     2,876
VA* 330    2,405  366    2,663    400    2,911   454     3,310    465    3,888    533     3,885
KY 221    1,342  406    2,470    564    3,428   688     4,179    780    4,738    982     5,968
TN 106       545  262    1,351    423    2,182   682     3,519    829    4,280 1,003     5,175
OH  36        181  185       918    465    2,315   750     3,733 1,216    6,047 1,584     7,881
IN    5          24    25       126    147       751   343     1,751    686    3,486   988      5,047
MI    4          25    20       115      38       214     68       388    188    1,066   303       1,722
IL    12         73      55       325  157        932    476    2,818   851       5,040
LA    37       113      76       234  108        356    176       541   259          795
MO    21         90      67       287  140        605    384    1,653   682       2,938
AR      14         53    30        113      98       363   210          782
IA      43       185   192          825
WI      26         88   254          871
MN       6              5
Total 903   5,273 1,603   8,926 2,599   14,006 3,838  20,441 5,940  31,297 12,926  63,167
Source: Adapted from Humphreys and Abbot (1876, p. 438).  Data are in thousands of people (Pop)
and thousands of acres (Land).  
Notes: Mississippi River Basin is ~ 800,000,000 acres.
*Today West Virginia plus Virginia.
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Figure 11. Average monthly concentrations of nitrogen
for the Lower Illinois River, 1894-1899.
Source: Data from Kofoid (1903) and Palmer (1903).
Table 11.  Comparison of Average 1894-1899 and 1993-1998 Concentration
of Nitrogen for the Lower Illinois River
Period NO3-N NO2-N NH4-N     Organic-N Total 
1894-1899 1.54 0.16 0.88 1.10   3.68
1993-1998   3.77 0.16 0.89 4.82
Sources: Arithmetic average data compiled from 1894-1899 data of Kofoid (1903) and Palmer
(1903). Arithmetic average 1993-1998 data from Dave Soballe, USGS, La Crosse, WI, personal
communication, March 1999.
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Figure 12. Relationship between annual 1978-1998 statewide
precipitation for Illinois and 1978-1998 annual mean statewide,
NO2-N + NO3-N concentrations for all Illinois rivers.
Sources: Illinois river and stream data from Matt Short,IEPA,
personal communication, November 1999.
Illinois precipitation data from Jim Angel, ISWS,
personal communication, November 1999.
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Figure 13. Variation in the concentration of NO3 leaching
from Wisconsin soil between July 24, 1900, and May 20, 1901.
Source: Adapted from Figure 6 of King
and Whitson (1902). Data in mg NO3/l.
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Table 12.  Concentrations of NO3 in Water Extracted from Unfertilized
California Soils at the Beginning and End of the 1923 Growing Season 
and at the Beginning of the 1924 Growing Season
Soil number April 30, 1923 September 4, 1923 April 28, 1924
      7    174  58 222
      8    274  88 227
      9    160  43 182
    10    230  40 200
    11    166  16 286
    12    115  50 156
    13    146  13 167
Source: Adapted from Table 4 of Burd and Martin (1924). Data in mg NO3/l.
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Figure 14. Average monthly concentration of NO3 at 27 sites (13 rivers
and 4 reservoirs) in Illinois from August 1906 to July 1907.
Source: Data from Collins (1910). Data in mg NO3/l.
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Figure 15. Monthly average NO2-N + NO3-N for all Illinois rivers in 1996.
Source: Personal communication from Matt Short,
IEPA (November 24, 1998).
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Figure 16. Relationship between 1978-1998 annual statewide
nitrogen-fertilizer use in Illinois and 1978-1998 annual statewide
NO2-N + NO3-N concentrations for all Illinois rivers.
Sources: Illinois nitrogen fertilizer use data from Alan Gulso, IDOA.
Illinois river and stream data from Matt Short, IEPA.
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Figure 17. Annual average central United States surface-water runoff.
Source: From Plate 21 of Geraghty et al. (1973). Data in inches.
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Figure 18. Seasons of lowest central United States stream flow.
Source: From Plate 24 of Geraghty et al. (1973).
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Figure 19. Temporal relationships between amounts of precipitation,
evapotranspiration, and runoff: a) in central Illinois and b) in the Corn Belt.
Sources: Figure 19a from Figure 3 of Aldrich (1970).
Figure 19b from Figure 2.8 of Aldrich (1980).
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Figure 20. Quantity of measured nitrogen transported down
the Illinois River in 1900: a) organic-N; b) NO3-N, and c) NH4-N.
Source: Adapted from Plates 34 and 36
of Palmer (1903).
=' 	 ' ' 'A = = ' 	 5" 5) 	
/1
1
01
;1
81
<1
61
31
41
71
/11
//1
/01
/;1
/81
/<1
/61
/31
/41
/71
011
0/1
001
0;1
081
0<1
061
031
041
071
;11
;/1
;01
5




G
9


@

:
25
G
?#!
'!!

!.=
98
Figure 20. Concluded.
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SOME EFFECTS OF AGRICULTURE ON WATERSHEDS
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Figure 21. The effect of crop rotation and fertilization practices
on the nitrogen content of select soils from the University
of Illinois’ Morrow Plots at Urbana, Illinois.
Source: From Figure 2.10 of Stevenson (1986).
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Figure 22. Changes in quantity and timing of NO3–N release
in soil water of Missouri soil in the early years of cultivation.
Source: From Figure 1 of Albrecht (1938).
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Table 13.  Annual Nitrogen (N) Loss in Runoff Water from Snowmelt 
and Rainfall for Minnesota Crops in 1967
 
   ——————  Snowmelt N   ——————   ——————  Rainfall N   ——————— 
Crop Organic-N   NH4-N  NO3 -N Organic-N   NH4-N   NO3-N  Total N
Corn 0.61 0.00 0.31 0.11 0.00 0.05 1.08
Oats 0.27 0.00 0.61 0.01 0.00 0.20 1.09
Hay 5.18 0.00 0.12 0.02 0.00 0.03 5.35
Source: Data in kg N/ha adapted from Table 2 (Timmons, Burwell, and Holt, 1968). From 1961
on, corn rotation was fertilized with 46 kg N/ha/yr; oats, 15 kg N/ha/yr; and hay, 0 kg N/ha/yr.
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Table 14.  Annual Phosphorus (P) and Potassium (K) Loss in Runoff Water
from Snowmelt and Rainfall for Minnesota Crop Rotations in 1967
 —————— Phosphorus (P) —————
Crop          Snowmelt          Rainfall       Total
 ————— Potassium (K) —————
Snowmelt              Rainfall        Total
Corn              0.04                 0.02           0.06     0.30                     0.06           0.36
Oats               0.01                 0.01           0.02     0.16                     0.03           0.19
Hay               0.31                 0.01           0.32     4.70                     0.01           4.71
Source: Data in kg/ha adapted from Table 3 (Timmons, Burwell, and Holt, 1968).  From 1961 on,
corn rotation was fertilized with 24 kg P/ha/yr; oats, 25 kg P/ha/yr; and hay, 0 kg P/ha/yr.  None of
the crop rotations were fertilized with potassium (K).
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SOME OTHER ANTHROPOGENIC EFFECTS ON NITROGEN WATER CHEMISTRY
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Some Effects of Levee/Drainage and Lock-and-Dam Navigation Systems
on Nitrogen in the Illinois River
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Figure 23. The Illinois River north of Chillicothe illustrates the levee/vegetation-rich
backwater floodplain system existing along most of the Illinois River prior to 1900.
Source: Illinois Natural History Survey photo reproduced in Talkington (1991).
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Figure 24. The farmland/levee system existing along much of the Illinois River by 1930.
Source: Illinois State Water Survey photo taken by Tom Rice
and reproduced in Talkington (1991).
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Figure 25. Cross-sectional diagram of changes in water level induced
by leveeing and draining of the Illinois River floodplain.
Source: Adapted from Talkington (1991).
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Figure 26. Relationship between nitrogen fertilizer use in the Mississippi
River Basin (MRB) and annual NO3-N concentrations in major rivers of the MRB.
Sources: Data from Ackerman et al., 1970; Goolsby et al., 1999; Harmeson and
Larson, 1969, 1970; Harmeson et al., 1973; Larson and Larson, 1957;
STORET, 1999; USDHEW, 1963; USGS, 1996, 1999a and 1999b.
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Figure 27. Relationship between nitrogen fertilizer use in Illinois
and annual NO3-N concentrations in the Lower Illinois River.
Sources: Data from Goolsby et al., 1999; Harmeson and Larson, 1969, 1970;
Harmeson et al., 1973; Healy and Toler, 1978; Larson and Larson,
1957; STORET, 1999; USDHEW, 1963.
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Table 15. Some Changes in Rhine River Water Chemistry, 1974 to 1985
Year NO3-N    NH4-N    Organic-N    Total N
mg/l
Dissolved oxygen
(percent saturation)
1974    3.3         1.7               2.1               7.1 55
1985    4.3         0.7               0.8               5.8 80
Source: Admiraals and Botermans (1989).
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Table 16. Mississippi River Fisheries: Minneapolis to Winona, 1903 and 1922
Fish    1903                        1922
    (lb)                          (lb)
Walleye   35,380                             0
Sauger   14,305                             0
Bass   12,870                             0
Sunfish   21,400                             0
Pickeral   57,525                             0
Sturgeon   14,585                      7,753
Catfish 311,149                  147,016
Carp 473,440               3,048,332
Source: Wiebe (1928).
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Figure 28. Summer values of dissolved oxygen in the Upper Illinois River.
Source: Adapted from Winstanley and Krug (1999).
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Figure 29. Water quality of Illinois River Basin streams and rivers, 1972, 1982, and 1990.
Source: Talkington (1991).
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Figure 30. Concentration of nitrogen in the Lower Illinois River
(Havana to Valley City), 1894-1998.
Source: Modified from Winstanley and Krug (1999).
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Figure 31. Relative nitrogen richness of the Illinois landscape before and after European settlement.
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